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1
PLATINUM MONOLAYER FOR FUEL CELL

BACKGROUND

This disclosure relates generally to fuel cells and, more
particularly, to producing a platinum monolayer catalyst for
a fuel cell.

Fuel cell stack assemblies are well known and typically
include multiple individual fuel cells. The individual fuel
cells may each include a polymer electrolyte membrane
(PEM) positioned between two electrodes. The electrodes
can be catalyst coated substrates (CCS). The substrates may
be gas diffusion layers that include carbon fibers. The
substrates distribute fuel cell fluids, such as hydrogen and
air. One of the CCS operates as an anode, and the other CCS
operates as a cathode. The PEM and the electrodes together
establish a membrane electrode assembly (MEA).

The CCS may include a platinum monolayer deposited on
a core. Monolayers are one atom thick and the utilization of
platinum is much higher than commercial platinum nano-
catalysts. The mass production of platinum monolayers is
difficult.

SUMMARY

An example fuel cell electrode forming method includes
covering at least a portion of a copper monolayer with a
platinum solution and replacing the copper monolayer to
form a platinum monolayer.

An example electrode forming assembly includes a cell to
hold a platinum solution against a copper monolayer when
replacing the copper monolayer.

DESCRIPTION OF THE FIGURES

The various features and advantages of the disclosed
examples will become apparent to those skilled in the art
from the detailed description. The figures that accompany
the detailed description can be briefly described as follows:

FIG. 1 shows a schematic view of an example fuel cell
stack assembly.

FIG. 2 shows a schematic view of a fuel cell from the fuel
cell stack assembly of FIG. 1.

FIG. 3 shows a membrane electrode assembly from the
fuel cell of FIG. 2.

FIG. 4 shows the flow of an example method for produc-
ing an electrode of the membrane electrode assembly of
FIG. 3.

FIG. 5 shows an example monolayer forming assembly
with copper solution.

FIG. 6 shows the monolayer forming assembly of FIG. 5§
after some of the copper cations have been reduced into a
metallic copper monolayer.

FIG. 7 shows the monolayer forming assembly of FIG. 6
after the copper monolayer has been replaced with a plati-
num monolayer.

FIG. 8 shows a step of sealing the platinum monolayer of
FIG. 7.

DETAILED DESCRIPTION

Referring to FIGS. 1 to 3, an example fuel cell stack
assembly 10 includes multiple fuel cells 12 arranged in a
stack. Pressure plates 14a and 145 clamp the fuel cells 12 of
the fuel cell stack assembly 10. Each of the fuel cells 12
includes a membrane 16 positioned between a first catalyst
coated substrate (CCS) 20a and a second CCS 205. The CCS
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20a consists of a catalyst layer 21a and a gas diffusion layer
22a. The CCS 205 consists of a catalyst layer 215 and a gas
diffusion layer 225.

A plate 24a abuts the first gas diffusion layer 22a. The
plate 24a includes channels (not shown) that deliver a fuel,
such as hydrogen, from a fuel supply 28 to the first gas
diffusion layer 22a. The fuel moves through the first gas
diffusion layer 224 to the catalyst layer 21a. Another plate
24p abuts the second gas diffusion layer 225. The plate 245
includes channels (not shown) that deliver an oxidant, such
as oxygen, from an oxidant supply 32 to the second gas
diffusion layer 224. The oxidant moves through the second
gas diffusion layer 225 to the catalyst layer 215.

The plate 24a may include additional channels that
deliver oxidant to a gas diffusion layer of another fuel cell
12 within the fuel cell stack assembly 10. Similarly, the plate
24b may include additional channels that deliver a fuel to a
gas diffusion layer of another fuel cell 12 within the fuel cell
stack assembly 10.

In this example, the catalyst layer 215 includes a platinum
monolayer catalyst, which is supported on other metals such
as palladium, gold, or alloys thereof. The anode catalyst
layer 21a may include a platinum catalyst, platinum mono-
layer catalyst, platinum ruthenium alloy catalyst, or some
other types of catalyst layer.

Referring now to FIG. 4 with continuing reference to
FIGS. 2 and 3, an example method 50 of manufacturing the
cathode CCS 2056 is shown. If the anode CCS 204 includes
a platinum monolayer, the method 50, could also be used to
form the anode CCS 20a.

The method 50 includes the step 54 of forming a copper
monolayer in a liquid copper solution on a core material
coated on the substrate by underpotential deposition (UPD)
of copper.

In one example, the core comprises palladium particles
supported on carbon black and the copper solution is 0.2 M
copper sulfite plus 0.05 M sulfuric acid. The potential is kept
at 0.36 V for 1 hour for copper deposition. The method 50
then replaces copper monolayer with platinum by adding
platinum solution in the copper solution at a step 58 under
open circuit potential. The displacement occurs via the
reaction: Cu+Pt>*—Pt+Cu**. In one example, the platinum
solution contains 1 mM K,PtCl,, 0.05 M sulfuric acid and
0.2 M citric acid. After the step 58, a platinum monolayer
remains on the core. At a step 62, the method 50 press-fits
a membrane 16 over the platinum monolayer catalyst layer
to form the catalyst membrane assembly. The platinum
monolayer catalyst powder may also be collected from the
substrate. The core may be supported by a gas diffusion
layer, such as the gas diffusion layer 22a during the method
50.

An example of selected portions of the step 54 in the
method 50 is shown with reference to an electrode forming
assembly 64 of FIGS. 5 and 6. In this example, copper
solution 70 is held within an electrochemical cell 74. The
cell 74 is made of glass, polytetrafluroethylene (e.g.,TEF-
LON®), plastic or any other materials stable under the
conditions of method 50. The method 50 may include a
pump 82 to force the platinum solution circuit through the
body of'the cell 74, catalyst layer 215 and gas diffusion layer
22b to avoid an un-uniform coating of platinum monolayer.
The CCS 205 is sandwiched between the cell 74 and a plate
75. The plate 75 may include some channels for circuiting
platinum solution. In an example, the plate 75 is made of
polytetrafluroethylene (e.g., TEFLON®).

The core 78 is coated on the gas diffusion layer 225 using
a known coating or spraying method to form a catalyst layer
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21b. The core 78 is made from a palladium, platinum, gold,
palladium alloy, platinum alloy, gold alloy, or some combi-
nation of these. The catalyst layer 215 also may include
ionomer in addition to any of the above materials or any
other material. In one example, the ionomer is Nafion.

The gas diffusion layer 215 supports the core 78. The gas
diffusion layer 215 is a carbon fiber paper, which, in one
example, is sprayed with materials that form the core 78.

The gas diffusion layer 215 is treated with polytetrafluo-
roethylene (e.g., Teflon®)in some examples. In other
examples, the gas diffusion layer 216 is not treated. A
bi-layer, such as a carbon black having a binder, may be
disposed between the gas diffusion layer 215 and the core 78
to improve the management of water and reactants.

In this example, an electrochemical cell assembly 82 is
used to deposit a copper monolayer and platinum mono-
layer. The electrochemical cell assembly 82 includes a
potentiostat 86, a counter electrode 90, and a reference
electrode 94. At least the contact electrode 90 and the
reference electrode 94 include portions within the copper
solution 70.

Applying a potential on the core 78 in the copper solution
70 within the cell 74 forms a metallic copper monolayer 98
on the core 78. The copper monolayer 98 is formed from the
reduction of some of the copper cations in copper solution
70. In this example, the gas diffusion layer 206 and the core
78 are pressed against the copper solution 70 and the cell 74
as the copper monolayer 98 is deposited on the core 78. One
example includes using an under-potential-deposition pro-
cess to deposit the copper monolayer 98 on the core 78.

The CCS acts as a working electrode of the electrochemi-
cal cell assembly 82 during the deposition. A person having
skill in this art and the benefit of this disclosure would
understand how to deposit copper with the electrochemical
cell assembly 82 to form the copper monolayer 98.

An example of selected portions of step 58 of the method
50 is shown in FIG. 7. In this example, the copper solution
70 has been removed from the cell 74 or mixed with a
platinum solution 102. The copper monolayer 98, which is
metallic copper, remains on the catalyst layer 215 and is
covered by the platinum solution 102. During oxidation of
the copper monolayer 98, the atoms of the copper monolayer
90 are replaced with platinum atoms to form a metallic
platinum monolayer 106 that is one atom thick. The reaction
is illustrated here: Cu+Pt**—Pt+Cu’*.

An example of selected portions of the step 62 of the
method 50 is shown in FIG. 8. In this example, a membrane
110, such as a polymer electrolyte membrane, is press fit on
the platinum monolayer 106 to complete the CCS 205. The
step 62 is a hot press in some examples.

Features of the disclosed example include a method that
produces a relatively uniform platinum monolayer, which
provides a catalyst having a relatively high activity and
durability due to uniform platinum deposition. Direct plati-
num deposition would not result in a monolayer, but would
instead produce platinum particles and thick platinum film.
Also, this method avoids the ink mixing process of the
platinum monolayer catalyst when making the membrane
electrode assembly.

The preceding description is exemplary rather than lim-
iting in nature. Variations and modifications to the disclosed
examples may become apparent to those skilled in the art
that do not necessarily depart from the essence of this
disclosure. Thus, the scope of legal protection given to this
disclosure can only be determined by studying the following
claims.
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We claim:

1. A fuel cell electrode forming method, comprising:

providing a gas diffusion layer;

providing a catalyst core layer, the catalyst core layer

supported by the gas diffusion layer;

supporting the gas diffusion layer between an electro-

chemical cell and a plate, the plate having channels for
circulating a platinum solution;

depositing a copper monolayer on the catalyst core layer;

covering at least a portion of the copper monolayer

supported by the gas diffusion layer of the fuel cell
electrode with the platinum solution; and

replacing the copper monolayer to form a platinum mono-

layer from the platinum solution by exposing the cop-
per monolayer to the platinum solution while forcing
the platinum solution through the gas diffusion layer
with a pump.

2. The fuel cell electrode forming method of claim 1,
including press fitting a membrane to the platinum mono-
layer.

3. The fuel cell electrode forming method of claim 2,
wherein the membrane comprises a polymer electrolyte
membrane.

4. The fuel cell electrode forming method of claim 1,
wherein the platinum monolayer is at least one atom thick.

5. The fuel cell electrode forming method of claim 1,
wherein the copper monolayer is one atom thick.

6. The fuel cell electrode forming method of claim 1,
including coating the gas diffusion layer with a core material
to form the catalyst core layer.

7. The fuel cell electrode forming method of claim 1,
wherein the gas diffusion layer is a carbon paper.

8. The fuel cell electrode forming method of claim 7,
wherein the carbon paper is hydrophilicity or hydrophobi-
licity treated.

9. The fuel cell electrode forming method of claim 1,
wherein the gas diffusion layer has a bilayer.

10. The fuel cell electrode forming method of claim 1,
wherein the catalyst core layer comprises at least one of
palladium, platinum, gold, ruthenium, rhodium, iridium,
osmium, rhenium, silver, and their alloys.

11. The fuel cell electrode forming method of claim 6,
wherein the core material is mixed with a proton conductive
ionomer.

12. A method for forming a fuel cell electrode in an
electrochemical cell, the method comprising:

providing a gas diffusion layer;

providing a catalyst core layer, the catalyst core layer

supported by the gas diffusion layer;

positioning the gas diffusion layer between the electro-

chemical cell and a plate, the plate having channels for
circulating a platinum solution;
depositing a copper monolayer on the catalyst core layer;
covering at least a portion of the copper monolayer
supported by the gas diffusion layer of the fuel cell
electrode with the platinum solution, the electrochemi-
cal cell containing the platinum solution; and

replacing the copper monolayer to form a platinum mono-
layer from the platinum solution, the replacing includ-
ing exposing the copper monolayer to the platinum
solution while forcing the platinum solution through
the gas diffusion layer.

13. The method of claim 12, further comprising pressing
the copper monolayer and the catalyst core layer against a
copper solution.

14. The method of claim 12, wherein forcing the platinum
solution through the gas diftfusion layer includes forcing the
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platinum solution through the gas diffusion layer with the
assistance of channels provided in the plate supporting the
gas diffusion layer.



